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IV. CLINICAL STUDIES: SPECIFIC REQUIREMENTS

A. Plan clinical studies to prove clinical utility and safety
and effectiveness.

1. Prove all diagnostic claims and specific parameters
important for the clinical utility of the device

2. Each manufacturer must have three testing sites and
educate each of the investigators to the dangers in the
use of incorrect reference data. This is a common
cause of incorrect interpretation of MSAFP testing
measurements by physicians and laboratorians, it is
essential that the manufacturer monitor each of its
testing laboratories to establish the testing
laboratories’ own reference data and/or demonstrate
that reference data obtained from another testing
laboratory are valid for the population being tested.
Reference values in MSAFP testing consist of a set of
median values (pooled from the three testing sites)
calculated for each week of gestation using the pooled
laboratories MSAFP assay values, measured preferably on
the population to be tested with the device.
Individual MSAFP test results are then expressed as
multiples of the unaffected population median (MOM),
which is obtained by dividing each individual MSAFP
value by the median value for the relevant gestational
week. Strategies are outlined below for establishing
median values for both maternal serum and amniotic
fluid.

3. Number of investigators:

Use at least three independent investigators at
separate (geographically diverse) sites with at least
one in the United States.

4. Sample size:

Plan a sample size that will be statistically
sufficient to determine whether or not the device is
safe and effective prior to beginning the clinical
trial.

5. Sample type:

Include data to support use of the test with all
claimed specimen matrices (clinical and analytical).
Due to interference of anticoagulants with assay
results, plasma is not a recommended specimen.
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Sensitivity and Specificity:

Regardless of the sample size, present the device’s
diagnostic gensitivity (true positives) and its
specificity 4° (true negatlves) and their 95%
confidence intervals in the Performance Characteristic
section of the product package insert.

Sampling method:

Describe sampling method used in the selection and
exclusion of patients. All statistical analysis is
based on the "random sample" assumption (e.q.,
probability sampling).

Pooling of investigator’s data:

Present clinical information and data with analyses and
conclusions by each investigator. Additionally,
present pooled data from each of the investigators, if
statistically and clinically justified.

Describe statistical methods used and provide
confidence intervals.

Representative data:

Present the clinical information and data from the
targeted population which must represent the
gestational ages for which the device is intended.

Establishing reference median values in maternal serum:

Present validated median values to the population being
recommended for testing because of factors such as
variability in reliability of gestational dating.
Proficiency testing programs find that MSAFP
measurements vary by as much as 15% between
1aborator1es, even when results are expressed in
IU/mL. The major contributing factor to explain
these differences is a bias among manufactured AFP
devices. The use of median values obtained from
published sources, as reference data is therefore,
contraindicated.

Establishing reference median values in amniotic fluid:

Obtaining sufficient numbers of amniotic fluid samples
may be difficult for manufacturers. For example, a
manufacturer may test 3,000 women per year, identifying
only 2 to 4% of these women as candidates for
amniocentesis. Amniotic fluid samples sent for AFP
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analysis by cytogenetic laboratories may be used to
supplement those obtained via the AFP testing progranm,
since nearly all such specimens will be from unaffected
pregnancies. FDA recommends that for each gestational
week for which the kit is recommended, 50 amniotic
fluid samples be used in calculating the median used
for interpreting amniotic fluid samples from a
particular maternal patient.

Amniotic fluid AFP values are expressed as nmultiples of
the median in the same way as described for maternal
serum. The relationship of the median values and
gestational age is also log-linear for gestational
weeks 15-21 (gestational weeks recommended for testing
by FDA), but amniotic fluid AFP median values decline
rather than increase with gestational age..

B. Monitor Clinical Trials Testing

1. It is important for manufacturers who sponsor clinical
investigations to monitor the clinical performance of their
testing programs by tracking the number of fetal malformations
detected and missed. Affected pregnancies detected must be
followed to the birth of the child or elective termination of the
pregnancy. Monitoring the initial percentage of women with
elevated (positive test results) AFP levels is a portion of FDA
required clinical studies (3 separate testing sites of 1000
maternal patients each at geographically diverse testlng sites).
FDA’s rationale for this epidemiologic surveillance is that the
initial percentage of women with positive test results affords
the clinical trials 1nvestlgator an opportunity to properly offer
genetic counseling prior to the offering of amniocentesis. FDA
recommends that successive diagnostic modalities of
ultrasonography dating of the fetus, correction of the AFP MOM
interpretation (positive test result or negative), including
interpretation of AFP levels from amniotic fluid samples and
confirmatory testing for the presence of neural
acetylcholinesterase must be accomplished with genetic counseling
of the maternal patient. As an example, a clinical

1nvest1gator s testing site laboratory whose MSAFP testing cut-
off is at 2.0 MOM would have an initial positive test result rate
of 3 to 5% If the cut-off is at 2.5 MOM as recommended by FDA,
the 1n1t1a1 positive test result rate should be 1 to 3%
Manufacturers must followup all positive maternal patlents with
elevated AFP tests with genetic counseling and other maternal
care modalities at each of the three testing sites.

2. The manufacturer should be aware that the initial positive
test result is very sensitive to changes in precision and
accuracy of the AFP assay, long term assay drift, and
inappropriate normative reference data (AFP median values).’®
From AFP Post-Approval Studies, FDA found that epidemiologic
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monitoring was a powerful addition to traditional quality control
procedures and should be an integral part of the manufacturer’s
clinical testing program. A preliminary report of these studies
was presented by Hybritech, Inc., Division of Eli Lilly

Company.7

For manufacturers and sponsors of AFP test kits, the testing
protocol previously referred to and recommended by FDA was
published in the November 7,1980 FEDERAL REGISTER®8. A
clarification of the testing protocol and the importance of
adequate followup to positive serum AFP tests was published in
Clinical Chemistry News, September 19864%2. The FDA-recommended
protocol seeks two consecutive MSAFP measurements, sampled at
least 1 week apart, before further diagnostic modalities are
suggested. Ultrasonography is performed as the next step to
corroborate gestational date, check for twins, evaluate the
viability of the fetus, and possibly detect anencephaly. If the
elevated MSAFP value remains unexplained, level 2 ultrasonography
or gray-scale sonography is performed to search for other fetal
malformations, most prominently open spina bifida and open wall
defects. Amniocentesis for the purpose of measuring amniotic
fluid AFP (confirmatory testing of amniotic fluid samples
determined to have elevated levels of AFP are performed for the
presence of neural derived acetyl-cholinesterase) is also
offered, following genetic counseling of the maternal patient
with the attending physician.3® Generally speaking, the rate of
amniocentesis should not exceed 3 percent of the tested
population.®2

3. The reason for the determination of the performance
characteristics discussed below (for in-vitro devices) are
two-fold; to assess the influence of disease prevalence upon the
clinical laboratory test kit’s assessment of a patient’s
condition and to assess the clinical laboratory procedures by
which the poor detecting power of an in-vitro device for
relatively low prevalence disease may be improved. These
assessments include clinical sensitivity (CSE) and clinical
specificity (CSP). Four parameters help FDA assess the
probability of a correct in-vitro device result: sensitivity,
specificity, prevalence of disease condition and efficiency of
the test results in detecting diseased individuals. Predictive
value of a positive test and predictive value of a negative test
are secondary performance characteristics which are functions of
CSE, CSP. Disease prevalence can and should be calculated for
the range of expected disease prevalence. Interpretations of
clinical in-vitro devices, aside from clinical considerations,
are based on the probability that the test result will be within
a given normal range of analyte values; in this instance, the
range of elevated values for AFP in maternal specimens derived
from pregnancies with neural tube defective fetuses.
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Definitions:

Addltlonal definitions are needed to allow interpretive
reporting?l 22 23 24 25 4f clinical laboratory AFP device results.

False-positive Rate: FDA accepts two definitions of false-
positive rate (FPR). In evaluating the overall performance of
clinical lnvestlgators, a manufacturer’s clinical studies manager
is interested in the testing laboratories’ proportion of disease-
free persons tested who test positive (FP) compared to that
portion of disease-free persons tested who test negative (TN),
for the testing laboratory, the false-positive (FP) rate is

FP/ (FP + TN)

On the other hand, a clinical investigator, and partlcularly the
physician’s patlent who has already tested positive, is much more
concerned with the ratio between false-positive test results and
all positive test results, because this ratio relates to the
pregnancy outcome of the particular case in question. In this
approach, the false-positive (FP) rate is:

FP/(FP + TP)

This is equivalent to 1-Predictive Value of Positive Test (1-
PVPT). In practical situations employing tests for low
prevalence diseases or conditions, this latter (detection)
definition of false positive rate gives rates that are much
higher. It is this definition of the false positive rate which
most manufacturer’s Managers of Clinical Testing (MSAFP testing

programs and Clinical Investigators) apply when communicating
with the clinician and with FDA

4. Comparison Studies:

a. Compare the device to at least one device for which
there is an approved PMA.

b. Provide data using three dlfferent lots tested in one
> laboratory.

Compare results obtained using AFP samples free from
interfering substances from 40-100 maternal patients
covering the whole assay range (from low to high levels
of AFP. Analyze the data using linear regression
methods ®0 (the X axis is the independent variable or
comparison test° the Y axis is the dependent variable
or new test®4 56). Linear-regression analysis is often
most useful for estimating the differences or errors
between two analytical methods, because the errors can
be calculated at any medically important concentration
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within the range studied; furthermore, the slope and
intercept may give some indication of the type of
systematic error, which may aid in reducing the
analytical error, which may then aid in reducing the
analytical errors. Because the reliability of the
estimates of slope and intercept can be affected by
nonlinearity in the data set, outliers, a narrow range,
and variability of the comparison method, it is
preferable that samples cover the complete range of
concentrations that might be encountered®!

5. Prozone or High-Dose Hook Effect Studies:
Immunoradiometric (IRMA) and similar type assays:

Test a sample with a very high concentration of AFP,
diluted and undiluted.?33 If the test result is not
erroneously low, state in the Performance
Characteristics section of the product package insert
the quantitative level below which no high dose hook
effect was observed.

6. Stability Studies

a. Stability study requirements are outlined in 21
CFR 809.10 (a) and (b), 21 CFR 211.166. These
studies are performed and conducted with the above
specifications and performance evaluations. Real
time stability studies should be the basis for
estimating expiration dating of reagents. Data
from three different manufactured lots are
required °3. Data from accelerated stability
studies are acceptable only as interim data.

b. Shipping conditions that must be addressed.
Include test results that show that the reagents
are stable under variable shipping temperatures or
state why the device would not be affected by
shipping temperatures, e.g., the device is shipped

only on dry ice by guaranteed overnight delivery
.o service.

Labeling Considerations:

Provide the slope, intercept, and their estimated standard
errors, correlation coefficient, the standard error of the
estimate of the working curve; the assay range, and nature and
size of samples tested should be reported in the Performance
Characteristics section of the package insert. Copies of all
proposed labeling for the device, including any physician and
patient brochures, literature, or advertising that constitutes
labeling under section 201 (m) of the act (21 U.S.C. 321 (m)) must
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be provided. Patient brochures must be provided to women with
clearly written descriptions of the characteristics of the fetal
neural tube conditions. The information presented can obviously
not be exhaustive, and it should suggest that further questions
be discussed with the physician. The patient brochure should
also contain information concerning the procedures available to
make a definitive diagnosis and should urge the mother to wait
for additional test results before taking further action.

If she is to find the explanation of the follow-up procedures
meaningful, the mother must clearly understand the need for them.
The most important follow-up procedures, notably amniocentesis
and the ultrasonic scan, should be explained in terms of how they
help provide the physician with a method of interpreting test
results. The general labeling requirements for medical devices
are contained in 21 CFR Part 809.10. These regulations specify
the minimum requirements for all in vitro devices. Additional
guidance regarding device labeling can be obtained from FDA’s
publication "Labeling: Regulatory Requirements for Medical
Devices", and from the Office of Device Evaluation’s "Device
Labeling Guidance"; both documents are available upon request
from the Division of Small Manufacturers Assistance (HFZ-220),
Center for Devices and Radiological Health, Food and Drug
Administration, 5600 Fishers Lane, Rockville, MD 20857.

The package insert should be evaluated carefully because the
information contained in these seven sections is important for
correct interpretation of AFP test results. These seven sections
are: (1) 1intended uses, with particular attention paid to the
sponsor’s attempts to include "inferred intended use" or expanded
applicability based upon "literature citations" with little or no
clinical data to support this expanded use, (2) conditions for
use, (3) principles of procedure or operation, (4) reagents,

(5) limitation(s) of the procedure, (6) interpretation of test
results and (7) performance characteristics.

Manufacturers who choose to move the production facilities of
their AFP device must re-establish AFP median values by testing
100 serum samples for each gestational week (15 through 20) for
calculating median values. Three lots of manufactured reagents
should be used to verify performance characteristics of the newly
calculated median values. Manufacturers should be sensitive to
the fact that clinical laboratories may be tempted to use the
median values provided in package inserts as a source of
reference data. Such median values have been documented to be
widely in error for some manufacturer’s kits, resulting in large
numbers of false-positive or false-negative test results. FDA
requires that manufacturers submit PMA supplements of clinical
data to corroborate changes in package insert median values,
since use of outdated median values when changes in AFP test kit
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reagents (e.g., radioactive iodination of the AFP reagent) may
result in large numbers of false-positive or false-negative test
result interpretations.

Absolute compliance with the in vitro labeling regulations (21
CFR 809.10) would include patient labeling to give prospective
patients (or their parents/guardian) realistic expectations of
the benefits and risks of AFP testing. Such information should
be written and formatted so as to be easily read and understood
by most patients and should be provided to patients prior to
scheduling AFP measurement so that each patient has sufficient
time to review the information and discuss it with her
physician(s). Technical terms should be kept to a minimum and
should be defined if they must be used. Patient information
labeling should be designed to meet the seventh grade reading
comprehension level.

Kearby J. Fugate, Ph.D.
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